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1 

BINDING AGENTS FOR TREATMENT OF INFLAMMATORY, AUTOIMMUNE OR ALLERGIC DISEASES 

The present invention relates to particular binding agents which can be used in the 
treatment of inflammatory, autoimmune or allergic diseases. 

5 

CD23 (FCeRIi) is a type ii molecule of the C-I^'n family which also includes the 
lymphoc^e homing receptor (MEL-14) and the endothelial leukocyte adhesion 
molecule-1 (ELAM-1). It is a low affinity receptor fcr IgE. In humans a variety of 
haematopoietic cell types express CD23 on their surface, including follicular 

10 dendritic cells, B cells. T cells and macrq^hages. CD23 molecules are also found 
in soluble forms in biological fluids. Soluble CD23 (sCD23) molecules are formed 
by proteolytic cleavage of transmCTibrane receptors, CD23 has pleiotropic 
activities including mediation of cell adhesion, regulation of IgE and histamine 
release, rescue of B cells from apoptosis and regulation of myeloid cell growth. 

1 5 These functional activities are mediated through the binding to spedftc ligancte of 
cell-assoctated CD23, or sCD23, the latter acting in a cytokine-like manner 
(Conrad. D.H., Annu Rev Immunol 8. 623-645 1990); Delespesse, G., et aL, Adv 
Immune^ 49, 149-191 (1991); Bonnefoy, J.Y., efa/.. Curr Ofxn Immunol S, 944-947 
(1993)). 

20 

Increased expression of CD23 has t>een ot>served in a rHjmt>er of inflarrvnatory 
diseases. CD23 has been identified in synovial biopsies from patients with chronic 
synovitis, and sCD23 can be measured at concentrations exceeding the normal 
range in the serum arKi synovial fluid of patients with rheumatoid arthritis (Bansal, 
25 A.S., Oliver. W.. Marsh. M.N., Pumphrey, R.S., and Wilson. P.B., Immunology 79, 
285-289 (1993); Hellen. EA, Rowlands, D.C., Hansel. TT.. Kitas, G.D., and 
Crocker. J.J.. Clin Pathol 44. 293-296 (1991); Chomarat, P.. Brioloay. J.. 
Banchereau. J., & Miossec, P.. Arthritis Rheum 86, 234-242 (1993); Bansal, A., et 
aL, Clin Exp Immunol 89, 452-455 (1992); Rezonzew, R.. & Newkirk. M M., Clin 
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Immunol Immunopatholll. 156-163 (1994)). In addition, levels of serum sCD23 
in rheumatoid arthritis patients are related to disease status and correlate with 
serum rheumatoid factor (Bansal, AS., ef a/.. CBn Exp Rheumatol 12. 281-285 
(1994)). Pro-inflammatory cytokines appear to be particularly important in 
rtieumatoid arthritis, and a central role for TNF<t and IL-ip in the destruction of 
arthritic joints has t>een postulated (Brennan. FM. Chantry. D.. Jackson. A. Malni. 
R-. & Feldman. M.. Lancet 2. 244-247 (1989); Brennan. F.M.. Maini. RM.. & 
Feldman M.. Br J Rheumatol 31. 293-298 (1992)). 

n has also t>een postulated that CD23-CD21 interactions may play a role in the 
control of IgE production (Flores-Romo L ef a/.. Science 261 1038-1041 (1993); 
Aubry ef a/.. Nature 358. 505-507 (1992)). 

CDIIb and CDIIc are adhesion molecules that participate in many celk»ll and 
cellHnatrix interactions. .PDI 1WCD18 and CD11c«:d18 (an association of CDIIb 
and CD18 and of CDIIc and CD18 respectively) have been reported to bind 
several ligands. including CD54. fibrinogen, factor X. LPS. Con A and zymosan 
(Springer. T.A. Nature 346. 42S434 (1990)). The role of these binding molecules 
is not however completely understood. CD1 1h/CD18 and CD11c^CD18 are also 
known as MAC-1 and p150. 95 respectively. They are members of the fe integrin 
family (sometimes known as Leu-CAM. ie leucocyte cell adhesion molecules). 
This family also includes LFA-1 amongst its members (also known as 
CD11a/CD18). 

EP 0205405 purports to disclose Mabs to lymphocyte cellular receptors for IgE 
(FCeR) cross reacting with human immunoglobulin E binding factor (IgE-BF). and 
derivatives thereof. 
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WO 93^173 purports to disclose a polypeptide which is capable of binding to 
one of FCEL (low affinity IgE receptor FCeRII) or FCEH (high affinity receptor 
FCeRI) but which is substantially incapable of binding to the other of FCEL or 
FCEH. Treatment of an allergic disorder is alleged with a FCEL or FCEH specific 
polypeptide (provided the FCEH specific polypeptide is incapable of crosslinking 
FCEH and inducing histamine release). 

EP 0269728 purports to disclose Mabs to the human lymphocyte IgE receptor. 

EP 0259585 purports to disclose Mabs recognising a surface receptor for IgE 
(FCeR) on human B lympho(^es. 

WO 93«)21 08 purports to disclose primatised antibodies for therapeutic use. 

The present inventors have surprisingly discovered that binding agents to CD21. 
CD1 1 b. CD1 Ic. to a 70-85 KDa protein expressed on endothelial cells, or to a 1 15 
KDa protein expressed on endothelial cells can be of utility in the treatment or 
prophylaxis of various diseases and in particular in the treatment or prophylaxis of 
arthritis. Prior to the present invention no data has been presented which would 
support such a utility, despite the publication of a large number of papers in which 
C021 . CD1 1 b or CD1 1c have been discussed. 



According to the present invention, there is provided a binding agent to CD21. 
CDIIb. CD11C. to an 70-85 KDa protein expressed on endothelial cells, or to a 
115 KDa protein expressed on endothelial cells for use in the to«atinent or 
prophylaxis of inflammatory, autoimmune or allergic diseases. 
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4 

The binding agent may function by blocking the interaction between the protein 
and a ligand which binds to it //? vnCro assays e.g. radio-immune assays may be 
used to study such a blocking effect 

5 The binding agent may be in isolated form or as part of a pharmaceutical 
composition. Desirably it is in sterile form. Generally speaking a binding agent 
which is specific for CD21. CD11b, GDIIc, to a 70-85 KDa protein expressed on 
endothelial cells, (e.g. to a 76 kDa, a 80 KDa or 85 KDa protein e^qiressed on 
endothelial cells) or to a 115 KDa protein expressed on endothelial celts, is useful 
10 in the treatment/prophyla)ds disctosed. 

Preferred binding agents iridude antibodies, fragments thereof or artificial 
constructs comprising antibodies or fragments thereof or artificial constructs 
designed to mimic the binding of antibodies or fragments thereof. Such binding 
1 5 agents are discussed by Dougall etal in JibiBch 12, 372-379 (1994). 

They include complete antibodies, F(ab')2 fragments, Fab fragments, Fv fragrrorrts, 
ScFv fragments, other fifagments. CDR peptides and minvelics. These can t>e 
obtained/ prepared t>y those skilled in the art For example, enzyme digestion can 
20 be used to obtain F(ab*)2 and Fab fragments (by subjecting an tgG to molecule to 
pepsin or papain cleavage respectively). Refer^xes to ''antibodies" in the 
following description should t>e taken to include all of the possibilities mentioned 
above. 

25 Recombinant antibodies rr^y be used. The antibodies may be humanized; or 
chimaerised. 

A t^ical preparation of a humanised antibody in which the CDRs are derived from 
a difFerent sped s than the framework of the antit>od/s variab! domains is 
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5 

disclosed in EP^-0239400. The CDRs may be derived from a rat or mouse 
monoclonal antiixxiy. The framework of the variable domains, and the constant 
domains, of the alt^ed antibody may be derived from a human antibody. Such a 
humanised antibody elicits a negligible immune response when administered to a 
5 human compared to the immune response mounted by a human against a rat or 
mouse antibody. 

Alternatively, the antibody may be a c*)imaeric antibody, for instance of the type 
described in WO 86(01 533. 

10 

A chimaeric antit>ody according to WO 86/01533 comprises an antigen binding 
region and a nm-immmoglobulin region. The antigen binding region is an 
antibody light tihaAn variable domain or heavy chain variable domain. Typically, 
the chimaeric anlStxxfy ocmprises bo^ light and heavy chain v^iabie domains. 

15 The rion-irnmunoglobulin region is fused at its C-terminus to the antigen binding 
region. The norvimmunoglobulin region is typically a non-immunoglobulin protein 
and may be an enzyme region, a region derived from a protein having known 
binding specificity, from a protein toxin or indeed from any protein expressed by a 
gene. The two regions of the chimaeric antibody may be connected via a 

20 deavabie linker sequertce. 

The antibody may be a human IgG such as IgGI, lgG2, lgG3, lgG4; IgM; IgA; IgE 
or IgD carrying rat or mouse variable regions (chimaeric) or CDRs (humanised). 
Primatizing techniques may also be used, such as those disclosed in 
25 WO93«)2108. 

Other prefCTred binding agents (apart from antibodies or derivatives thereof) are 
Factor X (i.e. Factor 1 0), Epstein Barr Virus or a part of Epstein Barr Virus. 
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6 

Where intact viruses are used in mecBcal treatment, they will generally be provided 
in non-virui^ imn This can be achieved using techniques Imown to those 
skilled in the art, which include attenuation arKi mutagenesis. 

5 As will t>e sq^predated by those skilled in the art, wttere specific t>inding agents are 
descrit)ed herein, derivatives of such agents can also be used. The term 
"d^lvative" includes variants of the agents descrit)ed, having one or more amino 
add substitutions, deletions or insertions relative to said agents, whilst still having 
the binding activity described. Preferably these derivatives have substantial amino 
1 0 add sequence identity with the binding agents specified. 

The degree of amino ^d sequence identity can be calculated using a program 
such as "bestfit" (Smith and Waterman. Advarrces in Applied Mathematics. 482- 
489 (1^1)) to find the best segment of similarity between any two sequences. 
1 5 The alignm wt is based on rT)aximising the score achieved using a matrix of amino 
add similarities, such as that ctescribed by Schwarz ar^ Dayhof (1979) Atlas of 
Protein Sequence and Structure, Dayhof, M.O.. Ed pp 353-358. 

Preferably the degree of sequence identity is at least 50% and more preferably it is 
20 at least 75%. Sequence identities of at least 90% or of at least 95% are most 
preferred. 

It will nevertheless be appredated by the skilled person that high degrees of 
sequence identity are not necessarily required since various amino adds may 
25 often t>e substituted for other amirK> adds which have similar properties without 
substantially altering or adversely affecting certain properties of a protein. These 
are sometimes referred to as "cons^vative" amino add changes. Thus the amino 
adds glydne. valine, leudne or isoleudne can often be substituted for one another 
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(amino adds having aliphatic hydroxyl side chains). Other amino acids which can 
often be sut>stituted for one artother include: 

phenylalanine, tyrosine and tryptophan (amino adds having aromatic side chains); 
lysine, argtnine and histtdine (amino adds having basic side chains); aspartate 
5 and glutamate (amino adds having addic side chains); asparagine and giutamine 
(amirto adds having amide side chains) arKi c/steine and methionine (amino adds 
having sulphur containing side chains). Thus the term "derivative" can also 
indude a variant of an amino add secpjence comprising one or more such 
"conservative" changes relative to said sequence. 

10 

The present invention also indudes fragmerrts of the binding agents or of the 
pr^nt invention or of derivatives thereof which still have the binding activity 
described. Preferred fragrnents are at least ten amino adds lorig, tnxt 
longer (e.g. upto50ori^to1(X) amino adds long). 

15 

The biTKjing agents of the present invention are believed to be useful in the 
treatment or prophylaxis of several human diseases indudirrg arthritis, lupus 
erythematosus, Mashimotos thyroiditis, multiple sderosis,diabetes, uveitis, 
dermatitis, psoriasis, urticaria. n^)hrotic syndrome, glomemlc^ephritis. 

20 inflammatory bowel disease, ulcerative colitis, Crohn's disease. Sjogren's 
syrKlrome, allergies, asthma, rhinitis, ecz^na, GVH, COPD. tnsulitis. bronchitis 
(particulariy chronic bronchitis) or diabetes (particulariy Type 1 diat)etes). They 
may also be useful in studying the interactions between CD23 and various ligands 
e.g. between CD23 and C021, between CD23 and COIIb. between CD23 and 

25 CDHc, between CD23 and the aforesaid 70 to 85 KDa endothelial cell protein 
(whidi may be an 60 or 85 KDa endothelial celt protein) or t)etween CD23 and a 
115 KDa endothelial protein (which is believed to be related to the 70 to 85 KDa 
endothelial protein). One or more of the above interactions are believed to occur, 
in vivo. Antibodies or other binding agmts ^A^ich are capabi of blocking these 
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8 

interactions are particular^ preferred since it is believed that they may be 
especialiy suitable for reducing or alleviating cytokine mediated inflammatory 
effects. They may also be useful against B-ceil malignancies such as chronic 
lymphocytic l^ikaemia, and hairy ceil leukaemia. 

5 

Binding ^ents of the present invention are particularly applicable ior use in the 
treatment or propf^laxis of rtieumatoid arthritis. Without bmng bound by theory, 
the following possible explanations are put forward:- 

10 In tte rheumatoid arthritis inflamed synovium, macrophages express both CD23 
and the ^2 inte^ins CDIIb and CD11c, allowing possit>le horTK>typic interactions 
to take piace in this tissue. In addition, diffusion of soluble C023 molecules 
through the ^novium arKi their bindir)g to the tntegrin ligands is also possit)ie. 
Therefore. C023-CD11b/CD11c interactions involving a positive activation loq3 

15 could exist in wvo. If present in rtieumatoid arthritis pattmts, it may explain some 
of the pathogenic mechanisms of disease ^cacert>ation and chronidty, and would 
support the hypothesis that orK:e localised to the joirrts, macropriiages Uiemselves 
can maintain and exacerbate inflammation via a pathway involving CD23 
molecules. (Vintegrins CDIIb and COHc. as well as pro-inflammatory cytokines 

20 TNF-a,IHpandlL-6. 

The present inventors have found that CD23 binding to CDIIb and CD11c is 
blocked by Factor X since Factor X binds to CD1 lb and CD1 1 c. Thus the present 
invention includes the use of Factor X or of a fragment tiiereof to block CD23 
25 binding to CD1 1 b and/or GD1 1 c. 

An alternative mechanism of action of anti CD23 therapy could involve the 
blocking of an IgE immune response. 
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in previously pi^lished work, it has been shown that in vivo treatment of rats with 
anti-CD23 antitxxiy resulted in antigen-spedfic inhibition of IgE productim. 
probably by blocking the CD23-CD21 interactions necessary for conplete 
drfferentiatbn of IgE-committed B cells (Flores-Romo et al, Sdence 261, 1038- 
5 1041 (1993)). 

The present invention also includes binding agents to CD21 which block such a 
response (e.g. the Epstein Barr virus or a part thereof). 

1 0 Structurally, the CD21 protein is composed of an extracellular domain of 15 (Moore 
et al. Molecular doning of the cDNA encoding the Epstein Barr Vims C3d receptor 
(complement receptor type 2) of human B lymphocyte, Proc NaaAcad Sd USA 84: 
9194 (1987)) or 16 (Weis et eJ, Stnjdure of the human B lymphocyte receptor for 
C3d and the Epstein Barr Virus and relatedness to other memt)ers of the family of 

15 C3/C4 binding proteins, J Exp Med 167: 1047 (1988)) repetitive units of 60 to 75 
amino adds, named short consensus r^Deats (SCRs), followed by a 
transmembrane domain (24 amino adds) and an intracytoplasmic region of 34 
amino adds. Using CD21 mutants bearing deletions of extracytoplasmic SCRs 
(Carelef a/, Structural requirements for C3d,g/Epstein Barr Virus receptor 

20 (CR2/CD21) ligand binding, internalization, and viral infection J Biol Chem 265: 
12293 (1990)). the present inventors have recently found that CD23 binds to SCRs 
5-8 and 1-2 on CD21 . The binding of CD23 to SCRs 5-8 is a lectin-like interaction, 
involving carl)ohydrates on Asn 295 and 370. In contrast, CD23 binding to SCRs 
1-2 is a protein-protein interaction (Aubry et al, CD23 interacts with a new 

25 functional extrac^oplasmic domain involving N-iinked oligosacciiarides on CD21, 
J Immuml 152: 5806 (1 994)). The present inventors have now tested the effed of 
the other iigands of CD21 (EBV, C3d.g and IFN-a) on CD23 binding to CD21 and 
on th r^ulation of Ig prcxfuction in the presence of IL-4. Only EBV partides and 
anEBV-d rived peptide were able to inhibit CD23 binding to CD21. Moreover, th 



wo 96/12742 



PCT/EP9Sm4110 



10 



EBV^»pMe »lacli«ly ctecreased IgE and lgG4 pnx^ 

P«>*«*«. T»«e date indicate B« CD23 bi™«ng to EBV*,nding Site on 
CD21 selMMy regulates human Ig production in the presence of IL-4. 

The pneseni invention therefore indudes within its scope the use of Epstein Barr 
V™sorofapertihereoftoblockthel»ndin9ofCD23toCD21. Aprefem«(partof 

me Epstein Banr WnB is the pp3Sa^ glycoprotein or a liaamen. thereof 

A«emati«ly. an unglycosyteted (dm, Of this glycoprotein ^ 

may be used. 

Without being IxxM 1^ theo,y, it is belteved that present 

allows e.lWi» ,reatrt«nte to be achieved i=y s^.pressing the db «M, 

pro-inflammatory cytokines. 

TOs contraste M* pre«ous uses Of antibodies siinply to directly neulrelise the 
qrtokme molecutes already present in inUamed tissues. 

It Should also be noted that there are specutetive publications in the art listing 

large nun*ers of andbodies as v»ll as la,ge nu„t«s Of possible diseases Which 
the anSbodtes are said to be uselu. in treating, bu not providing any sound 

evidence or data for most Of the possibte combinations. One such publication is 

W093iD21(» whi* is pnnwily csrected to the production Of p^ticuter <«n^^ 

antibodies. 

The present Invention is clearly distinguished from such publications by providing 
binding agents to particular molecules which are clearly Indicated to be of utility in ■ 
the treatment or prophylaxis of certain diseases in view of the data and 

explanations provided herein. 
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Binding agents of this invention are also of particular use in the treatment or 
prophylaxis of allergic diseases, including non-lgE mediated diseases. They may 
be used in the treatment and propylaxis of ulcerative colitis. They may also be 
used in the treatment and prophylaxis of Crohn's disease. 

5 

The binding agents of the present invention may be used alone or in combination 
immunosuppressive agents such as steroids, q^osporin, or antibodies ^ch 
as an antWymphocyte antibody or more preferably with a toleranoe-indudng. anti- 
autoimmune or anti-inflammatory agent such as a CD4+T cell inhibiting agent e.g. 
10 an anti-CD4 antibody (preferably a blocking or norxiepleting antibody), an anti- 
CD8 antibody, a TNF antagonist e.g. an anU-TNF antibody or TNF Inhibitor e.g. 
soluble TRIF receptor, or agents such as NSAIDs. 

The binding agent will usually be ^ipplied as part of a sterile, pharmaceutically 
15 acceptable con^position. This pharnriaceutical composition rray be in any suitable 
form, depending upon the desired method of administering it to a patient It may 
be provided in unit dosage form and may be provided as part of a kit Such a kit 
would normally (although not necessarily) include instructions for use. 

20 Binding agent adminisbBtions are gerterally given parenterally, for example 
intravenously, intramuscutariy or sub-cutaneously. The binding agents are 
generally given by injection or by infusion. For this purpose a tending agent is 
formulated in a pharmaceutical composition containing a pharmaceutically 
acceptable carrier or diluent Any appropriate carrier or diluent may be used, for 

25 example isotonic saline solution. Stabilizers may be added such as a metal 
chelator to avoid copper-induced deavage. A suitable chelator would be EDTA 
DTPA or sodium citrate. 
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Of respiratory cfisorders. 



•nieyn«,aefo™btedasc^oroWn»rts,espeda.,yft,use»,*^ 

disorders. 



Tt»y™ybe(bm«latedas drops. or«» lite, *»admMs»3«onh, me feruse 
m ireatina disorteis su* as vernal conjurK«riiB 

f^lrSec«esoWons.e«ipiertswhi*,n^ 
alcohols, polyols, glycerinB, aid vegeajle oib. 

n'^rr*^ -^^^^ ^.ub.'ising 

«9ents. steb,l«ing agenb. w«ing agenls, e™«ie,s. s«ete™„. cokx«nts 
"tounante. sales (subsumes Of «» p«ent 

«> the lo™ Of a phannaoeutically aeo^ sal.). t«fl«. coating agarts or 
«nlK»odants. They may also certain olherfterapauBcany active agerte 



S^table dosages Of .he subslance Of ^ ^, ^^j,,,^^ 

*on factors such as B« disease cr disorder to be hated. tt» route of 
adminrsbalion and B» age and wel^ of «» individual to be seated VMftou. 
bang bound by any particular d^ages. i. is believed «». for instence for 
parenteral adnninislralon. a daily dosage of torn 0.01 to 50 mg^g of a binding 
agent of «« presem invenSon (usually presam as par, of a phan^aceuBcal 

composition as indicaled above) may be suitable for »easng a M»cal adult More 
suitably »» dose mighl be 0.05 to 10 mgflrg. such as 0. 1 to 2 mgflrg 
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This dosage may be repeated as often as appropriate. Typically administration 
may be 1 to 7 times a weeks. If side effects develop the amount and/or frequency 
of the dosage can be reduced. 



A typical unit dose for incorporation into a phamraceutical composition would thus 
be at least 1 mg of binding agent, suitably 1 to 1CXX) mg. 

The present invention includes within its scope an assay for determining whether 
or not a particular agent which binds to CD21.CD11b, CD11cortoa70-85or115 
KDa protein expressed on endothelial cells may be useful in the treatment of an 
inflammatoiy. autoimmune or allergic disease comprising: determining vwhether or 
not the agent is capable of blocking the interaction between CD23 and CD1 lb, or 
the interactkyi between CD23 and CDIIc, or the interaction between CD23 and 
CD21, or the interactkin between CD23 and a 70-85 KDa or 115 KDa protein 
expressed on endothelial cells. 



This assay can be used for screening compounds or molecules by using cell lines 
expressing the appropriate molecules. Preferably GD1 1 b is used in these assays 
as CD11b/CD18 and CDIIc is used as CD11c/CD18. CD11b/CD18 and 
GD1 1 C/GD1 8 can be co-expressed on cell surface. 



Any appropriate assay technique can be used. e.g. protein-non protein assays 
(e.g. assaying the interaction of proteins with chemicals or sugars), protein-protein 
assays or protein-cell assays. 

The present invention will now be described by way of example only with reference 
to the accompanying drawings; whereia 
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FIGURE 1a illustrates CD23*liposomes binding to CD14 positive blood 
mononuclear cells; 

FIGURE lb illustrates various CD23 affinity purified proteins on SDS- 
PAGEgels; 

FIGURE 2 illustrates the percentage inhibition of C023-liposome binding 
to activated blood monocles obtained using certain monoclonal antibodies; 

FIGURE 3 illustrates the binding of CD23 liposomes to various 
transfected cells; 

FIGURE 4 ilhistrates the effect of various substances on CD23-CD11b 
and CD23-CD1 1c interaction; 

FIGURE 5 illustrates the effects on nitrite production and oxidative burst 
in monocles caused by CD23 binding to CD1 lb and GDI 1c; and 

FIGURE 6 illustrates that the binding of recombinant CD23 to CD1 lb and 
C01 1 c spedficaliy increases cytokine production t)y monocytes. 

FIGURE 7a illustrates the inhibition of CD23-liposome fcwnding to RPMI 
8226 cells by various CD21 iigands. 

FIGURE 7b illustrates the inhibition of IL^ induced IgE and Ig64 
production by an EBV peptide binding to CD21. 

FIGURE 7c illustrates the modulation of immunoglobulin production by an 
EBV peptide binding to CD21 . 
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FIGURE 7d illustrates the absence of inhibition of IgE production with a 
C3 peptide binding to CD21. 

5 FIGURE 8 illustrates the inhibition of the binding of C023 liposomes to 

certain endothelial cells due to the presence of an mti-CD23 MAb. 

EXAMPLES 

10 (In some of the following examples the tems '*ip", ^d" and "n" are used. These 
mean "intraperitonear'. "intradermal" and "number of animals" respectively.) 

EXAMPLES 1-6 

15 IntOTction t)etwe^ CD23 and CD1 lb and between CD23 and GDI 1c 

Examples 1 to 6 and the accompanying Figures (see later) illustrate the 
interaction of CD23 with CD1 1 b and/or CD1 1 c. 

In these Examples, fult-iength recombinant CD23 incorporated into fluorescent 
20 liposomes was shown to bind to COS cells transfiBCted with cDNA encoding either 
GDI 1b/CD18 or GD1 1c/GD18 but not with transfedants expressing GDI 1a/GD18. 
The interaction between CD23-liposomes and CD11b/CD18 or CD11c^CD18- 
transfected COS cells was specifically inhibited by anti-CDIIb or anti-GDI 1c, 
respectively, and by anti-GD23 monoclonal antil)odies. The functional significance 
25 of this ligand pairing was demonstrated by triggering GDI lb and GDI 1c on 
moncxytes with either recombinant CD23 or anti-GDI lb and anti-GDI 1c 
morKKdonal antitxxJies to cause a marked increase in nitrite {N0{), oxidative 
products (H2O2) and proinflammatory cytokines (IL-lp, IL-6 and TNFa). These 
GD23-mediated activities were decreased by Fab fragments of monoclonal 
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antibodies to CD11b, CD11c and CD23. These results demonstrate that the 
surfoce adhesion molecules C011b and C011c are receptors for CD23 and that 
this novel ligand pairing regulates important activities of monocles. 

5 The following discussion e)9>lains t>rieny the experimental dest^ and the rationale 
behind Examf^es 1 to 6 (which foliow}:- 

Total blood mononuclear cells were incubated with reoombinartt full-length C023 
incorporated into fluorescent liposomes and analysed by flow cytometry (Pochon. 

10 S. ef a/. J. Exp. Med. 176. 389-398 (1992)). A fraction bound CD23-liposomes 
(Example 1 , Fig. la) which was then shown by double staining to consist of CD14- 
positive cells (i.e. monocytes). To confirm that monocles were able to bind CD23- 
liposomes. t>lood mononuclear cells v^ere FACS-sorted into CD14-positive and 
CD14-negative populations (Example 1. Rg. la). CD23-liposomes were shown to 

15 bind only to the CD14iMsitive population (Example 1, Fig. la). Since monocytes 
were found to express neith^ menrdirane IgE nor CD21 (not shown), the krxywn 
ligands for CD23, it was investigated whether monocytes express a dUfer&ni 
receptor for CD23. Monocytes were lysed and cell extracts purified over an affinity 
column coupled witti recombinant soluble 0023. SDS-PAGE and silver staining 

20 analysis of the eluted material revealed hssnxSs of around 80 and 160 kDa MW 
(Example 1 . Rg. 1b). Antibodies identifying antigens within this range of MW artd 
reported to be expressed on monocytes were tested by FACS for their capacity to 
inhibit CD23-liposome birKling to monocytes (Example 2, Fig. 2). Anti-CDIIb and 
anti-CDIIc nrK)noclonal antibodies tx>th inhibited CD23-liposcxne binding to 

25 monocytes, with varying degrees of potency (Example 2. Fig. 2). Anti-CD13, anti- 
CD49d, anti-CD21 (not ex|»Bssed on monocytes) arui anti-CD11a (the third 
member of the p2 integrin family of adhesion molecules) had no significant effect 
(Example 2. Fig. 2). Antibodies against MHC Class I, Class II. C014 and CD45, all 
of whic*i highly expressed on monocytes, were also tested for their effect on CD23" 
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liposome binding. None however had any effect (not showvn). Anti-CD18 
monoclonal antibody gave a partial inhibition of CD23 binding. This could be due 
either to steric hindrance or to the induction of a oonfbnmational change In the 
CDIIb and CDIIc molecules upon anti-CD18 Mab binding. The monocyte- 
derived proteins elut^ from the CD23-affinity column were immunoreactive with 
anti-CD1 1c (Example 1 , Fig. lb) and anti-CD11c/CD18 antibodies (not shown). 

To confirm that the a chain of GDI 1b/CD18 and CDIIc/CDI lb were receptors for 
CD23, fulHength cDNAs encoding CD11b and CD11c were transiently co- 
transfected with CD18 cDNA into COS cells. Transfectants expressing 
CD11h^CD18 and CD11c/CD18 were both shown to bind CD23^iposomes, in 
contrast to transfedants expressing CD1 Va/CD18 (Example 3, Fig. 3). This might 
be explained by the higher degree of homology between CD11b and CD11c when 
con?>arBd to their htmiology to CD11a The spedfidfy of the interaction was 
demonstrated by inhibiting CD23-liposome binding using anti-CD11b, anti-CD11c 
and anti-CD23 monoclone antibodies. The same results were obtained using 
BHK cells expressing CD11WCD18 and CD11c/CD18 (not shown). As further 
proof of the specificity of the CD23 interaction, activated blood monocytes from a 
Leukoqrte Adhesion Deficiency patient, lacking P2 integrin expression due a 
mutation in the gene encoding the p subunit were unable to bind CD23-liposomes 
(not shown). Together, these data demonsb^e tiiat CD23 interacts with CD11b 
and CD1 1 c on normal human monocytes and on transfectants. 

CD11b and CD1 1c are adhesion molecules ttiat participate in many celksll and 
cell-mataix interactions. The examples show that CD11b/CD18 and C01 1c/CD18 
may exhibit an additional adhesive fimction by virtue of their ability to bind CD23. 
C023 seems to ictentity an epitope dose or identical to ^or X as observed by the 
capadty of factor Xt inhibit in a dose dependent manner CD23-liposom binding 
(Example 4, Fig. 4) witiiout affecting surface ©qjression of CDIIb or CDIIc on 
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monocles (not shown). None of the other ligands tested had any effect C023 
may be acting as a C-type lectin in its interaction with CD11b and CD1 1c. EOTA 
decreases CD23 binding to monocles (Example 4. Fig. 4) try chelation of Ca^ 
which is necessary to C023 binding and/or by chelation of the divalent cations 
5 which are necessary for ttie tending of ligands to CD1 1b and CD1 1c (Altieri. O.C. 
J. Immunol. 147. 1891-1898 (1991)). CD23-CD11b/CD11c interaction seems to 
involve sugars, but nc/t sialic add, as ot>served by the capacity of tunicamydn, but 
not neuraminidase, to decrease CD23 bindirig to monoc^s. C023 bears 
extracellularly a triplet of amino adds (Asp. Gly. Arg) (Kikutant, H. ef a/. Cell 47, 

10 867-885 (1986)), which in the reverse orientation is a common recognition site for 
thte intern rec^>tors. Therefore, the effect of a polydonal antibody directed 
against this tnp&pUdB was tested for its capacity to inhibit CD23 binding to 
monocytes. No inhibition was observed, confirming the absence of inhibition 
obtained with fit>rinogen (Example 4. Rg. 4), IgE which is t)indir^ in the lectin 

1 5 dcmatn of CD23, partially inhibits CD23 binding to monocytes (Exarnple 4, Fig. 4). 
Those results indicate that CD2Z wcxild seem to be acting as a Otype lectin 
recognising partly sugar and protein structures, reminiscent of what has been 
observed for CD23 interaction with CD21 (Aubry, J-P. ef a/. J. Immune^. 152. 5806- 
5813(1994)). 

20 

To evaluate tte functional significance of the interaction of CD23 with CD1 lb or 
CDHc. we investigated whether (^23-CD11t>/CD11c interaction could trigger 
monocytes to release proirrflammatory mediators such as nitric oxide, H2O2 and 
cytokines. Trigg^g of adherence-activated normal moruxytes usir)g 
25 recombinant soluble C023, anti-CD11b or anti-CDIIc antibodies increased the 
generation of NO2' indicating the activation of the NO pathway (Moncada. S.. 
Palmer, R,M.J. & Higgs. E.A. Pharmaco/. Rev, 43. 109-144 (1991)). The effect of 
CD23 on nitrite production was inhibited by Fab fragments of anti-CD23 
monodonal antibodies ara by nitroarginine, a specific inhiWtor of the NO synthiase 
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pathway (Example 5. Fig. 5a). The oxidative burst was also shown to be regulated 
through CD1 lb and CD1 1c since recombinant soluble CD23. anti-CDI lb and anti- 
CDIIc monodonal antibodies all caused oxidation of hydroelhidine to ethidium 
bromide in monocytes (Example 5, Fig. 5b). This confinns and extends the finding 
that anti-CDI lb monodonal antibodies induce an oxidative burst in monocytes 
(Trezzinl. C, Schflepp, B.. Maly, F.E. & Jungi. T.W. Brit. J. Haematol. 77. 16-24 
(1991)). CD23 binding to CD11b and CD11c was associated with an early specific 
Ca** flux in Wood monocytes (not shown). 

Since activated macrophages are an important source of proinflammatory 
Qrtokines. we evaluated the efliect of recombinant soluble CD23 and of anti-CD1 1 b 
and anti-CDIIc monodonal antibodies on the production of such cytokines by 
monocytes. Recombinant soluble CD23. anti-CDI lb and anti-CDIIc monodonal 
antibodies were potent stimulators of IL-1 p. IL6 and TNFo. Again, the specificity of 
this induction was demonstrated by using Fab fragments of anti-CDIIb. anti- 
CDIIc and anti-CD23 monodonal antibodies (Example 6, Fig. 6). Interestingly. 
IL-1 and TNFa were potent inducers of CD23-liposome binding to monoqrtes (not 
shown), suggesting a potential (^tokine autocrine loop through CD1 lb and CD1 1c 
stimulation and regulation. 

EXAMPLE 1 

^) CD23-liposomes bind to CD14-Dositive blood mononudear cells (See Fig. 
la). 

Blood mononudear cells were stained witti anti-CD14 monodonal antibody 
(Bedon Dickinson, Erembodegem, Belgium) followed by sheep FITC-conjugated 
F(ab')2 antibodies to mouse IgG and IgM (Bioart, Meudon. France), both diluted in 
PBS. 0.5% BSA and 0.05% sodium azide prior to FACS^orting (FACStar Plus. 
Bedon Dickinson) into CD14-positive and CD14-negative cell populations. 
S panat d cells were then stained with CD23-iiposom s or conbol (glycophorin A)- 
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liposomes diluted in 0.5% BSA, 0.1% sodium azide, 2 mM CaCb, 140 mM NaCI. 
20 mM Hepes. pH 7 and incxjbated for 2 h at 4*C ( Pochon. S. et al , J. Bcp. Med. 
176 389-398 (1992)). After washes, cells (5.000 events/condition) were analysed 
lyFACS. 

5 

b) ADparent molecxitar weight of CD23-af!inity purified blood monocyte 
proteins and immunoreactivitv with an anti-CD11c monodonal antibody (See Fig. 
lb). 

Lysates of blood monocytes were affinity purified on a CD23-column. eluted 
10 proteins separated on SDS-PAGE gels and transferred onto nitrocellulose. Mr 
markers are shown on the tefL The gel was silver stained (left lane). Filters were 
incubated with either an tsoiype matched antibody (middle lane) or with an anti- 
CD1 1c monodonal antibody (BU-15. right lane), then with horseradish p^xidase- 
conjugated goat anti-mouse antibody (Kpl; Gaithersburg, Massachusetts). 

15 

EXAMPLE 2 

Anti-CD11b and anti-CPIIc monoclonal antibodies decrease CD23-liPOSQme 
bindfnq to activated blood monocytes (See Fig. 2). 

Monocytes were enriched from mononuclear cells by Ficoll and overnight 
20 adherence to plastic in RPM1 1640 (Seromed, Beriin. Germany) ajpplemented with 
2 mM glutamine and 10% heat-inactivated FCS (Flow Laboratories. In^ne, 
Scotland). Activated monocytes were then incubated with CD23-liposomes in the 
presence of different monoclonal antibodies (aCD) or isot^^e^atched controls 
(CTRL) (Becton Dickinson), ail tested at 10 jig/ml. Anti-CDIla monoclonal 
25 antibodies 25.3 and B-B15 were obtained from Immunotech (Luminy. France) and 
Serotec (Oxford. UK), respectively. Anti-CDI lb monodonal antibody 44 was from 
Serotec. mon.gran 1 v^fas from Janssen (Beerse. Belgium). Leu-15 was from 
Becton Diddnson (Erembodegem. Belgium) and (Bear-1) was from Sera-Lab Ltd 
(Sussex. GB). Anti-CDIIc monodonal antibody 3.9 was from Serotec. SL9 was 
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from Sera-Lab and BU-15 was from The Binding Site (Bimiingham. UK). Anti- 
CD13 (SJ1D1), anti-CD18 (BL5). anti-CD23 (mAb25) and anti-CD49d (HP2.1) 
monoclonal antibodies were from Immunotech. Anti-CD21 monoclonal antibody 
BL13 was from Immunotech. 0KB7 from Ortho and BU-33 was obtained from Dr. 
MacLennan (Bimiingham University, UK), HB-6 from ATCC. 0KB7 from Ortho 
Diagnostics System Inc (Raritan, NJ). Anti-CD14, anti-CD3, anti-CD16 and anti- 
CD20 monoclonal antibodies were frtxn Becton-Dicldn»>n. Cells were analysed 
by FACS and mean fluorescence Intensity (MFI) measured. Data of a 
representative experiment are presented. MFI of cells stained vwth cortrol- 
liposomes was 6.5 and with CD23-liposomes was 84.5. Percentage inhibition 
using arithmetic linear MFI values is calculated according to the following ftjmnula: 

[(CD23-lipo)H(CD23-lipo)+Mab] 

% inhibition = MFI x 100 

(CD23-lipo) 

EXAMPLES 

CD23-liDoso mes bind to g chains of CD11b/CD18 and CD11c/CD18 on 
recombinant transfectants (See Fig. 3). cDNAs coding for CD11a (Corbi. A.L, 
Miller, LJ.. O'Connor. K, Larson. R.S. & Springer, TA EMBO J. 6, 4023-4028 
(1987)) was redoned in pCDNAI (Invifrogen, San Diego. CA). cDNA tor CDIIb 
(Corbi. A.L. Kishlmoto. T.K. Miller, LJ. & Springer. T.A J. Biol Chem. 263, 
12403-12411 (1988)) and CD18 (Kishinwto, T.K, O'Connor, K. Lee. A. Roberts. 
T.M. & Springer, TA Cell 48. 681-690 (1987)) were redoned in pCDM8 (Seed. B., 
Nature 329 840-842 (1987)). 20 Mg aliquots of DMA were fransfected in COS-7 
cells (ATCC) by etectroporation (260 V. 960 nFD) using a Gene Pulser device 
(Bio-Rad. Richmond, CA) and 0.4 cm cuvettes in 20 mM Hepes pH 7.4. 150 mM 
NaCI. Co-transfections of CD1 la. b or c with CD18 were performed in order to get 
expression of the 32 integrins at the cell surface. Controls were (tone with single 
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CDn^anu«,„b «*cO„c ™«c^ „ iso<ype™tehed 

CD,1t«D18 and CD11«»18 .«,sfec^ ^ ^ 

COZWiposome binding to CD11hCD18 a«j CD11c(CD18 

a*C011b (trace 4)- anlKCQ23 im^ «!l ■='""=«D18 transfedanls using 
anybodies L<^ ' * "^"^ '«»«='"«' 

^018^^ on 



EXAMPtP^ 

77. a' PT L>u^>M;ni 1b cn^ in .»*^rttn n (See Ra 4) 

(a) Involvement of sunars ^ w^^f^Tnt ntini i 

^« h , „e«„*we» (0., U»« bC ^ eoeWnger mJ^ 
Mannhein. Germany) for 45 min Cells »««r» ■ ^ "annneim. 
- cont^-posomes in the absence <. p^ee of EDTA (5 mM; top ^ 
Ca orMn'^dtolOmMitcjprightpanel). P «t Panel). 

(b) Factor X does ■nhihit rny» ^^^^j 

- « " monooy rps. Punfied activated blood 

lOUA^,; Sig™,(bo.on.«,pane.X«xinogen(«,«W; s^,. ^ 
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seaim opsonised-zymosan (1 mg/ml; Sigma), IgE (50 ng^nl; The Binding Site, 
Binmingham) or polyclonal antibody to RGD peptide (1/500, ATCC) (bottom right 
panel). Cells were analysed by FACS and MFI measured. Percentage inhibition 
was calculated as for Example 2. 

5 

EXAMPLE 5 

Recombinant CD23 by bindino to CDIIb and CDIIc specifically increases a. the 
nitrite product and b. the oxidative burst by morKxMes . 

Monocytes were incut>ated a, for 4 days at 37"^^ or b, overnight in the absence or 
1 0 presence of recombinarrt soluble CD23 (Grat>er P. et at., J. Immunol. Methods 149 
215-226 (1992)) (50 ng/ml), anti-CDIla (done 2&3). anti-CDIIb (done 44). anti- 
CD1 1c (done BU-15) mmodonal antibodies (all at 10 iig/m\). 

To assess the amount of NO produced (which is shown in Fig. 5a), the culture 
15 supemalants were assayed for the stable end products of NO, NO2' and NQ3' 
according to Green ef a/., Anna, Rev, Immund, 2 199-218 (1984). The spedfidty 
of CD23-mediated increase of NO2" production was demonstrated by inhibition of 
NO2' production by Fab fragments of anti-CD23 monodonal antibodies (mat325) 
(tested at 10 ^g/ml) and by inhibition wdh nitroarginine (N^Arg at 1 mM) (Sigma). 

20 

Activated rTX)nocytes were incubated with hydroethidine (Molecular prot>es, 
Eugene, OR) (0.3 jig^ml) for 30 min at 37**C (Rothe G. et al., J. Leukoc. BicJ, 47 
440-448 (1990)) and analysed by FACS. Percentage increase in red fluorescence 
of stimulated monocytes is shown in comparison to untreated monocytes (See Rg. 
25 5b). Monocytes which had undergone an oxidative burst shown an increase of red 
fluorescerK:e signals compared to untreated monocytes reflecting oxidation of 
hydroethidine to ethidium bromide (Lacal P.M. et aL, Bbctiem, J. 268 707-712 
(1990)). MFI values of monocytes alone were 159+MO. Mean+^-SD values of 6 
experiments are presented. Con A. which is known to induce a respiratory txjrst in 
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™no^.««usedasapos«vea«tol. Thesped«d(yofmeCD23 We,ac*on 
CDIIb and CD11C ^ den»»*aed by mtmyn of CD23™<,iated 

CD11c(ctoneBU-15)ar«lanW:D23(,nAb25)m<«x*„^an«,odies(test«.'a, ,0 



EXAMPLE R 

Binding Of recomhinaot CD?3 to cni1h nnd cmir .r^^.^ ^^„„,. 
production hy monoeytftg (O^ p|j ^ j 

^*>noc»<es v«» incubated o«migh. at 37^: in Ihe ab»«» „ 
recombinan. sou* ct)23 (Graber P. of at. J. /™™™,. j,^.^^^ 

(1992)) (50 ^ an«»1,a «*«e 25.3). ani^C0,ib (cte« 44). antJCDIIc 

■s d«=ussed in published Burop^ Patent /^Ication EP.A0269728) 
--*na. antibod^^ con A (Sig„«, (a, a. 10 

PMA (5 ng*„„ ,Ca«o*en, u Jolla. CA,. CytoKines «,e n««^ m the 
-Itu^supematentbyspecilicELISA T>»EUSA'slim«ofsensiS«.yisa05n9»nl 
for IL.1P (Fomia e< a(.. J. Immunol. Methods 114 41^ (1988)) 0.01 ng^nl for 
TNFa (Medgonix. Biote*nio. Run*,. F) and 0.01 ngW tor IL^ (Mania e( a( 
a^. C,**™ ftte,^. 4 51^ (1993)). The spedft% of CD23 inte«*on v*,' 

OT1 1b and CD1 1c was den«mstrated by inhibition Of (»23Hnetfated inc^ 
cytolcne production by Fab tragronls of anli^Dllb (done A). anS^DIIc (done 
BU-15) and anti^ (mAb2S) monodonal antibodies (tested at 10 MS'ml) 
Mean+f-SO values of 4 experiments are presented. 

EXHMPIF7 

The following matefials and methods vrere used in this exanpte: 



CeUUnes 
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Tonsil or blood mononuclear cells were separated into T and B cell subpopulatlons 
by resetting with sheep red blood cells. 

The B cell line RPMI 8226 was obtained from the American Type Culture 
Collection (ATCC, Rockville, MD) and cultured in RPM1 1640 complete medium. 

Peptides and CD21 ligands 

Two peptides, from gp350 of EBV and C3. known to bind to CD21 (Senns et at, C3 
synthetic peptides support growth of human CR2i30sitive lymphoblastoid B cells, J 
Immunol 142: 2207 (1 989)) were synthesized. PepEBV (TGEDPGFFN\/EIC-NH2) 
was produced on an ABI 431A synthesizer using FastMoc chemistry and PepC3 
(GKQLYNVEATSYAC-NH2) was obtained from Neosystem (Strasbourg. France), 
/^gregated C3d,g was prepared as described previously (Carel ef al (1990) 
supra). Sucrose gradient purified EBV was obtained firom Advanced 
Biotechnologies (Columbia, ML) and IFN-a was obtained from Sigma (St Louis. 
MO). 

Liposome preparation 

CD23-liposomes were made as previously descritied (Pochon et a/. [Demonstration 
of a second ligand for the low affinity reo^tor for immunoglobulin E (CD23) using 
recombinant CD23 reconstituted into fluorescent liposomes. J Exp Med 176: 389 
(1992)) using 10 nmoles of the ^mthetic phospholipids POPC (Avanti Polarlipids 
Inc. Alabaster. AL) mixed with 50 nmdes of fluorescent dye Di018 (Molecular 
Probes. Eugene. OR) and then dialyzed against HEPES buffer together with 
purified recombinant CD23 or with glycophorin A (0.2 nmoles each) referred to as 
control protein. 

R w cytometry 
Liposome binding assay 
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Cells (10^ were resuspended in 50 jil of the liposome suspension, diluted 10 times 
in 0.5% BSA. 0.1% NaNs, 2 mM CaCb, 140 mM NaCI. 20 mM Hepes. pH 7.0 and 
incubated for 2 h at 4X. 

5 Cells were washed twice before analysts on a FACStar plus (Becton Dickinson, 
Erm)bodeggen, Belgium). 

Competition of CD23-iiposomes with EBV, EBV peptide, IFN-o, C3 
peptide and C3d,g 

10 RPMI 8226 cells were co-incul>ated with glycophorin-liposomes or CD23- 
liposomes and EBV (1x10^ to 1x10^ partidesftnIX EBV peptide and C3 peptide (50 
nM to 50 ^M), aggregated C3d.g (4 ngftnl to 1 jig/ml) and IFN-a (1000 U/ml) for 2 
hat4''C. Ceils were analyzed as described above. 

15 IL-4-indu€ed ig production assays 

Cells were incubated at 10®/ml for 14 days in Iscove's medium enriched wth 
transfomn. bovine insulin, oleic add, linoleic add. palmitic add, BSA (all from 
Sigma) and 10% FCS (Flow Laboratories, Inline, Scotland) as described t>y 
Claassen et al (A cell culture system that enhances mononudear cells IgE 

20 synthesis induced by recombinant interieukirv4, J Immunol Methods 126: 213 
(1990)). Assays were performed using total PBMNC with IL-4 alone (200 U/ml) or 
iL-4 plus anti*CD40 (1 |ig/ml) (Serotec Ltd. Oxford. UK), or using purified tonsillar 
B cells with IL-4 and anti-CD40. IgE, G. A and M were quantified by specific 
ELISA as previously described (Bonnefoy et al. Inhibition of human interieukirv4- 

25 induced IgE synthesis by a subset of anti-CD23/Fc epsilon Rll monodonal 
antibodies, Eur J Immunol 20: 139 (1990)). lgG4 was measured by ELISA as 
follows. A mouse anti human lgG4 antibody (Southern Biotechnology, 
Birmingham) diluted at 10 ^g/ml in bicarbonate buffer, pH 9.6 was coated 
overnight in 96 well plates (100 |xi/well). Saturation was then perfomied with PBS 
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plus 1% BSA (200 ^I/well) for 2 h at RT. Samples to be tested were diluted in PBS 
plus 0.5% BSA and 0.1% Tween (100 ^il/well) and incubated overnight at 4°C. 
After washes with PBS plus Tween, a peroxidate-iabelled sheep anti human igG4 
antibody (Vital products. St Louis, MO) diluted 1/5000 in PBS/BSA plus Tween 
5 was added for 1 h at RT. After washes with PBS plus Tween, o-frfienylene 
diamine (Sigma) is added and the colorimetric reaction was stopped with 2M 
H2S04. Plates were finally read at 492 nm. 



The results obtained are discussed below: 

10 

Human CD21 has been (MBviously described to be a receptor for the C3d,g and 
iC3b proteins of the complement system (Weis et al. Identification of a 145,000 Mr 
membrane protein as the C3d receptor (CR2) of human B lynqahoc^es aroc Afeff 
Acad Set USA 81: 881 (1984)), for the gp350C20 envelope glycoprotein of EBV 

15 (Nemerow et al. Identification of gp 350 as the viral glycoprotein mediating 
attachment of Epstein Barr Virus (EBV) to the EBV/CSd receptor of B ceils : 
sequence homology of gp350 and C3 complement fragment C3d, J Virol 61: 1416 
(1987); Tanner ef al, Epstein Barr Virus gp 350/220 binding to the B lymphocyte 
C3d receptor mediates adsorption, capping and endoc^osis. Cell 50: 203 (1987)) 

20 and f<x IFN-a (Oelcayre et al, Epstein Barr Virus/com):dement C3d receptor is an 
interferon a receptor, EMBO J 10: 919 (1991 )). We have therefore tested all these 
C021 iigands for their ability to inhibit CD23-liposome binding to the CD21- 
expressing cells, RPMI 8226 cells (Pochon ef al (1992) supra). Intact particles of 
EBV were able to inhibit C023 binding to CD21 in a dose dependent manner. 

25 This is shown in Figure 7a, which illustrates the inhitrition of CD23-liposome 
binding to RPMI 8226 cells by some CD21 iigands. [RPMI 8226 cells were co- 
incubated for 2 h with CD23-liposomes or glycophorin-liposomes arKi various 
concentrations of EBV (partides/ml), PepEBV and PepC3 (pM). Percentage of 
inhibiti n is calculated as follows: 
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(MFI CD234.^ - (MFI CD23-L ^ lioands) x 100 
(MRCD2W-) 

5 The MFI of glya^rfiorin-liposomes was subtracted from the MFI of CD23- 
tiposomes. Inset= FACS profiles of RPMI 8226 cells stained with glycophorirv 
liposomes (traces 1) or CD23-liposomes (traces 3) alone or m presence of EBV 
partides (top). PepEBV (medium) and PepC3 (bottom) (traces 2). Results are 
taken from a representative experiment] 

10 

Of the other CD21 ligands tested for inhitution of CD23 liposome binding, only 
EBV decreased the binding of CD23, A complete inhibition of CD23 tending was 
observed with EBV intact partides, although EBV is r^x>rted to bind to SCR2 of 
CD21 and not to SCRs 5^ where CD23 binds to sugars in this latter r^ion (Aubry 

15 ef a/ (1994) supm). This complete inhibition of CD23 binding oould be dc» to me 
size of the virus partides or to the fact that EBV may modify the confbmnation of 
the CD21 molecule. In order to exdude that inhibition was due to steric hindrance 
by the virus particles, we tten tested the effed of a peptf de of gp35a/220, known to 
bind to CD21 (Servis ef a/ (1989) supra). This EBV peptide was able to inhibit 

20 CD23 binding to CD21 in a dose depenctent manner, with a maximLm of 55% 
inhibition (Fig 7a). T^^se experimmts suggest that the EBV peptide binding is 
dose to the CD23 binding site arxi partially blocks CD23 binding. These data 
confirm our previous finding that CD23 does bind to CD21 (Aubry ef a/, CD21 is a 
ligand for CD23 and regulates IgE production, Nature 358: 505 (1992)) and extend 

25 them by showing that SCR2 is probably a region interacting with CD23. In 
contrast, a C3 peptide corresponding to tiie CD21 binding site on C3d (Sends et al 
(1989) supra) (Fig 7a), aggregated C3d,g and IFN-a (data not shown) were unable 
to inhibit ttie binding of CD23 to RPMI B22B cells. This suggests that SCRs 1 and 
3-4, where C3 and IFNhx bind re^ertively, may not be involved in CD23 binding. 
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The EBV binding to CD21 does not require glycosylation of SCR2 of CD21 {Moore 
ef a/, Inhibition of Epstein Barr Vims Infection in vitro and in vivo by soluble CR2 
(CD21) cxMitaining two short consensus rq^eats, J Virol 67: 3559 (1991)). 
Likewise. CD23 binding to SCR2 region is independent of sugars (Aubry e/ a/ 
(1994) supra). This is in line with our observation that a non-glycosylated synthetic 
peptide is able to decrease CD23 binding to CD21. Therefore, CD23 binds to a 
binding site in SCR2 on CD21 that is dose or identical to the EBV binding site 
which differs from the binding sites previously described for C3d,g and IFN-a. 

CD23 was previously shown to positively regulate IgE production by binding to 
CD21 on B cells (Aubry et al (1992) supra). Based on the observation that an EBV 
peptide blocked CD23 binding to CD21, we investic^ted the effect dl this EBV 
peptide on IgE producBoa The EBV peptide was able to inhibit IL-4-induced IgE 
production in a dose<lependent manner. This is shown in Figure 7b. which 
illustrates the inhibition of IL-4-induced IgE and lgG4 production by an EBV 
peptide binding to CD21. [PBL or purified tonsillar B cells (1(J®/ml) were incubated 
for 14 days with 200 U/ml of IL-4 alone or in the presence of anti-CD40 antibody (1 
^g/ml) and increasing concentrations of EBV peptide. IgE and lgG4 were 
measLHied by specific ELISA and mean values +/. SD of one representative 
experiment are presented (n=4)J. 

This effect was observed in T-cell dependent and also in T-cell independent IgE 
production systems (Fig 7b), in which T-cell help is replaced by anti-CD40 Ab, 
This confirms our previous observation (HerK:hoz ef al. Stimulation of human IgE 
production by a subset of anti-CD21 monoclonal antibodies : requirement of a 
co-signal to modulate e to^nscripts, 81: 285 (1994)) that CD23-CD21 can regulate 
IgE production even in absence of T-odls by a homotypic B-B cell interaction, 
since B cells can xpress both CD23 and CD21 m lecul s. Intact EBV has been 
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reported to provide the permissive signal for IgE switching (Thyphronitis ef a/. IgE 
secretion by Epstei^Barr virus infected purified human B lymphocytes is 
stimulated by interleukin^ and suppressed by interferon-r. Roc Natl Acad Sd 
USA 86: 5580 (1989)). lite T^ls or CD40L In contrast to the EBV particles, the 
EBV peptide is probably unable to crosslink membrane CD21 and is therefore 
unable to increase IgE production. The EBV peptide is rather inhibitory, 
decreasing IgE production by preventing the CD23-CD21 interaction. 

Since IL^ is knovm to induce lgG4 as well as IgE (Lundgren et al, lnterieukin-» 
induces synthesis of IgE and lgG4 in human B cells. Eur J Immunol 19; 1311 
(1989)). we investigated the effect of the EBV peptide on IL-^nnduced lgG4 
production. As shown in* Fig 7b the EBV peptide was also able to inhibit lgG4 in a 
dose dependent manner. This observation suggests that the CD23^D21 
interaction also controls 1^ production. 

The effect of the EBV peptide was then investigated on the production of otherig 
classes. No significant effect was found on polyclonal IgG and IgA production. 
This is Shown in Rgure 7c. which Illustrates the modulation of immunoglobulin 
production by an EBV peptide binding to CD21 . fPBL or purified tonsillar B cells 
(10^/mI) were incubated for 14 days with 200 U/ml of IL^ alone or in the presence 
of anti-CD40 antibody (1 itgfynl) and increasing concentrations of EBV peptide. Ig 
were measured by specific ELISA and mean values +/- SD of one representative 
experiment are presented (n=4)]. 

In contrast. IgM production was significantiy increased in the presence of the EBV 
peptide, especially when whole PBL were used (Fig 7c). 

Not all CD21 ligands can regulate lgeigG4 production. A C3 peptide binding 
CD21 did not inhibit IgE and lgG4 production (not shown). This is shown in Figure 
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7d, which illustrates the absence of inhibition of IgE production with a C3 peptide 
binding to CD21. purified tonsillar B cells (ICf/ml) were incubated for 14 days with 
200 U/ml of IL-4 and anti-CD40 antibody (1 jig/ml) and increasing concentrations 
of C3 peptide or EBV peptide. IgE was measured by specific ELISA and mean 
values +/- SD of one representative experiment are presented (n=4)]. 

The C3 peptide did not Inhibit CD23 binding (Fig 7a). These results highlight 
again the correlation between CD23-CD21 pairing and igE/lgG4 production. IFN- 
a was not tested since it is alreacty known that IFN-a inhibits IgE production (Pene 
et al, IgE production by normal human lymphocytes is induced by IL-4 and 
suppressed by a-interferon, y-interferon. and prostaglandin E2, Proc Natl Acad Sci 
USA 85: 8166 (1988)), although IFN-a had no effect on CD23 binding to 0021 
(rK>t shown). 

In conclusion, this study thereft^ shows that an EBV peptide decreases CD23 
binding to CD21 and selectively decreases IgE and lgG4 production by human B 
cells. 

EXAMPLE 8 - CD23 binds to endothelial cells 

An endothelial cell line (LT2, Endolethium vol 2, p 191-201, 1994) or purified 
human umbilical venule endothelial cells were inculcated with CD23-liposomes 
{CD23L). or glycophorine-liposomes (L-Gly) as a control. Specificity of the binding 
was demonstrated by the inhibition of CD23-liposome binding by an anti-CD23 
mAb (mAb25 = a-CD23). Cells were analysed by FACS and MFI measured. 



The results are shown in Figure 8. 
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no and 76 K Da were identified. 
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CLAIMS 

1. A binding agent to CD21. CD11b. CD1 1c. to a 7CW5 KDa protein expressed 
on endothelial cells, or to a 115 KDa protein expressed on endothelial cells, for 
use In the treatment or prophylaxis of inflammatory, autoimmune or allergic 
diseases. 

2. A binding agent according to daim 1, wherein the binding agent is an 
antibody, a fragment thereof, an artificial construct comprising an antibody or 
comprising a fragment thereof, a mimetic, or a derivative of any of these binding 
agents. 

3. A binding agait according to daim 1 or 2 which is a humanised or 
chimaerised antibody. 

4. A binding agent according to daim 1 which is Epstein Barr Virus. Factor X, a 
part of the Epstein Banr Virus (which may be In glycosylated or unglycosylated 
form), a fragment of Fador X, or a derivative of any of these binding agents. 

5. A binding agent according to daim 4, vi*iich is the gp350/220 glycoprotein of 
Epstein Barr Virus, the corresponding protein In unglycosylated form, a fragment of 
the aforesaid glycoprotein or (wotein. or a derivative of any of these binding 
agents. 

6. A binding agent according to daim 5 which is a peptide with the amino add 
sequence TGEDPGFFNVEIC, a fragment thereof, or a derivative of said peptide or 
fragment 
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7. A binding agent according to any preceding claim which blocks interaction 
between CD23 and llgands which bind to it in vivo. 

8. A binding agent according to any preceding daim for use in the treatment of 
arthritis, lupus erythematosus, systemic lupus erythematosus. Mashimolos 
thyroiditis, multiple sclerosis, diabetes, uveitis. dem«titis. psoriasis, urticaria, 
nephrotic syndrome, glomerulonephritis, inflammatory bowel disease, ulcerative 
colitis. Crohn's disease. Sjogren's syndrome, allergies, asthma, eczema. GVH. 
COPD. bronchitis, insulitis. rhinitis or diabetes. 

9 A binding agent according to any of daims 1 to 7 for use in the freatment of 
arthritis, allergis. ulcerative colitis or Crohn's disease. 

10. A binding agent according to daims 9 for use in the treabnent of rtteumatoid 

arthritis. 



11. The use of a binding agent to CD21. CDllb. CDIIc. to a 70 to 85 KDa 
protein expressed on endottielial cells, or to a 115 KDa pmtein expressed on 
endothelial cells for the manufacture of a medicament for the tieatinent of arthritis, 
lupus erythematosus, systemic lupus erythematosus. Mashimotos thyroiditis 
multiple sderosis.diabetes. uveitis, demtatitis. psoriasis, urticaria, nephrotic 
syndrome, glomemlonephritis. inflammatory bowel disease, ulcerative colitis. 
Crohn's disease. Sjogren's syndrome, allergies, asthma, eczema. GVH. COPD. 
bronchitis, insulitis. rtiinitis or diabetes. 

12. The use of a binding agent according to daim 1 1 for Oie manufadure of a 
medicament for the tieatinent of arthritis, allergies, ulcerative colitis, or Crohn's 
disease. 
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13. The use of a binding agent according to daim 12 for the manufacture of a 
medicament for the treatment of rheumatoid arthritis. 

14. A pham«ceutical composition comprising a binding agent according to any 
of claims 1 to 7 and a phamiaceutically acceptable carrier. 

15. A binding agent according to daim 1 substantially as hereinbefore 
described. 



16. A method of treating an WlaiTmatory, autoimmune or allergic disease 
"™pns»« administering a pharmaceuticalV effective 

CD21 . CD1 lb. CD1 1c to a 70 to 85 KDa pretein expressed on e,iiot.«lial cells or 
to a 115 KDa protein expressed on endoltwiial cells, to a patient 
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